The perivascular epithelioid cell has been proposed to be the unifying proliferating cell type in a number of lesions such as angiomyolipoma, lymphangiomyomatosis, clear cell "sugar" tumor and renal capsuloma. With the exception of rare examples of angiomyolipoma, they are nonmetastasizing. We report four examples of a new member of this family of perivascular epithelioid cell neoplasms that occur in abdominopelvic location and show metastatic properties. The patients, all women, were aged 19 to 41 years (mean, 32), and presented with a tumor mass involving the serosa of the ileum, uterus or pelvic cavity. Morphologically, the tumors were composed of sheets of large polygonal cells with glycogen-rich clear or eosinophilic cytoplasm and moderately pleomorphic nuclei, traversed by a delicate vasculature, mimicking clear cell carcinoma. There were areas of coagulative necrosis and occasional mitotic figures. Intracytoplasmic brown pigment was present in two cases. Spindly cells, smooth muscle and fat were absent. Lymphovascular invasion was present in all, lymph node metastasis was documented in two and metastasis to the ovary was present in one case. Two patients developed widespread metastatic disease after 10 and 28 months from diagnosis. One patient showed the clinical signs of tuberous sclerosis. In spite of the epithelial-like appearance, the tumor cells were negative for epithelial markers but were strongly positive with the melanogenesis-related marker HMB45. Another melanogenesis marker (MART-1) was positive in two cases. Other markers including S-100 protein, vimentin, muscle-specific actin, desmin and chromogranin A were negative. Thus, these tumors are not readily classifiable in the existing schema of known entities, and show overlapping morpho-phenotypic features of clear cell "sugar" tumor of the lung and epithelioid angiomyolipoma. We consider them as sarcomas composed of a pure population of uncommitted perivascular epithelioid cell, that lack modulation toward smooth muscle or adipose cells.
The perivascular epithelioid cell has been proposed to be the unifying proliferating cell type in a number of lesions such as angiomyolipoma, lymphangiomyomatosis, clear cell "sugar" tumor and renal capsuloma. With the exception of rare examples of angiomyolipoma, they are nonmetastasizing. We report four examples of a new member of this family of perivascular epithelioid cell neoplasms that occur in abdominopelvic location and show metastatic properties. The patients, all women, were aged 19 to 41 years (mean, 32), and presented with a tumor mass involving the serosa of the ileum, uterus or pelvic cavity. Morphologically, the tumors were composed of sheets of large polygonal cells with glycogen-rich clear or eosinophilic cytoplasm and moderately pleomorphic nuclei, traversed by a delicate vasculature, mimicking clear cell carcinoma. There were areas of coagulative necrosis and occasional mitotic figures. Intracytoplasmic brown pigment was present in two cases. Spindly cells, smooth muscle and fat were absent. Lymphovascular invasion was present in all, lymph node metastasis was documented in two and metastasis to the ovary was present in one case. Two patients developed widespread metastatic disease after 10 and 28 months from diagnosis. One patient showed the clinical signs of tuberous sclerosis. In spite of the epithelial-like appearance, the tumor cells were negative for epithelial markers but were strongly positive with the melanogenesis-related marker HMB45. Another melanogenesis marker (MART-1) was positive in two cases. Other markers including S-100 protein, vimentin, muscle-specific actin, desmin and chromogranin A were negative. Thus, these tumors are not readily classifiable in the existing schema of known entities, and show overlapping morpho-phenotypic features of clear cell "sugar" tumor of the lung and epithelioid angiomyolipoma. We consider them as sarcomas composed of a pure population of uncommitted perivascular epithelioid cell, that lack modulation toward smooth muscle or adipose cells. This report describes four cases of an unusual abdominopelvic tumor, all occurring in young women, and morphologically strongly mimicking clear cell carcinoma. Immunophenotypic analysis shows that these tumors do not display epithelial characteristics, but are rather HMB45 positive and S100 protein and vimentin negative, supporting that they represent a novel member of the perivascular epithelioid cell (PEC) tumor family that has malignant potential (1).
CLINICAL HISTORY

Case 1
A 28-year-old Caucasian woman presented with abdominal pain and physical examination was un-revealing. Her past health was unremarkable except for appendicectomy at the age of 16. Workup included ultrasonography and CT scan, both of which revealed a large solid mass involving the caecum and terminal ileum. Intraoperative examination of the uterus, ovaries and adnexa was unremarkable. An extensive metastatic work-up, including bone scan, chest, abdominal, and pelvic CT scan, was negative. The tumor was removed together with the terminal ileum and ascending colon. The resected specimen contained a firm, well encapsulated mass, 9 cm in greatest diameter, attached to the serosal surface of the terminal ileum. The cut surface was pale yellowish with necrotic areas. Five enlarged mesenteric lymph nodes were found. Nine months after surgery the patient was doing well with no evidence of tumor recurrence, but after 28 months she developed liver insufficiency and shortly after died of multiple hepatic metastases. No autopsy was performed.
Extensive clinico-radiologic investigation, including brain and total body Ct scan, dermatologic, and neurologic examination, did not reveal signs of tuberous sclerosis complex (TSC). She had high school level of education and worked as accountant.
Case 2
A 19-year-old Chinese woman presented with a 1-year history of vague abdominal pain. Ultrasonogram showed a large mass in the lower uterine segment. With a clinical diagnosis of leiomyoma, laparotomy was performed. At operation, a necrotic tumor 5.5 cm in size was found in the posterior lower uterine segment, with involvement of the serosa. There was no obvious involvement of the endometrial cavity. Total hysterectomy was performed.
Ultrasonographic examination 1 month after operation showed bilateral pelvic masses. A second laparotomy was performed, revealing bilateral enlarged pelvic lymph nodes, measuring 6 cm in maximum diameter on each side. Bilateral salpingooophorectomy was performed together with bilateral pelvic lymphadenectomy, inguinal node dissection and removal of a cuff of vagina. Histologic examination revealed tumor involvement of the pelvic and inguinal nodes as well as the vagina.
She was then referred to the Oncology Department for further management. Computed tomography showed vague soft tissue shadow in the pouch of Douglas, suggestive of residual disease. She was given combination chemotherapy including adriamycin and ifosfamide, followed by consolidation radiotherapy. She remained well for 10 months after therapy, and then developed local recurrence, and multiple metastatic deposits in the lungs and the vertebral spine.
The patient was last seen on may 1999, 18 months after surgery, and she was in very poor and frail condition. She had local recurrence, pulmonary metastasis and multiple bone metastases. Unfortunately, we have further lost contact with her.
There were no external stigmata of tuberous sclerosis and CAT scan of the abdomen failed to reveal renal or liver masses. She had secondary school education and worked as a sales girl.
Case 3
A 40-year-old white woman underwent surgery because of uterine leiomyomas. During the operation, a 2.5 ϫ 2 ϫ 1.5 cm pelvic nodule was accidentally found and thought to represent endometriosis. Grossly the tumor was well delimited and lobulated. Cut surface revealed a solid tan-colored tumor with a granular quality and punctuated with dark brown to black areas. No hemorrhage or cysts were found. Six months after the resection the patient was well and alive. Unfortunately, the patient was then lost to follow up and no evaluation of subtle findings possibly related to TSC could be evaluated. However, no evident signs of TSC were present at admission.
Case 4
A 41-year-old woman underwent hysterectomy and bilateral salpingo-oophorectomy for presumed fibroids. A 6 cm myometrial mass protruded from the serosal surface. Other tumor masses of lesser diameter were evident in the myometrium and in the subserosa. The right ovary showed a nodular tumor mass measuring 2 cm in diameter with similar features and was confirmed histologically as consistent with a metastatic deposit from the uterine neoplasm. The left ovary and both fallopian tubes were unremarkable. The myometrial and ovarian tumor masses consisted of invasive whitish-gray, solid, somewhat lobulated rather soft neoplasm showing occasional tiny foci of hemorrhage.
The patient was long known to have the stigmata of TSC with multiple bilateral renal angiomyolipomas and characteristic skin manifestations of the disease. She was unemployed at the time of surgery. Six months after surgery the patient is doing well without evidence of recurrent disease.
MATERIALS AND METHODS
Tissue obtained at the time of surgery was fixed in 10% buffered formalin and routinely processed for paraffin embedding. Sections were cut with a thickness of 4 to 6 m, and stained with hematoxylin and eosin, periodic acid-Schiff (periodic acidSchiff) reagent, with and without diastase pretreat-ment, Gordon and Awe reticulin stain, and Fontana-Masson stain for melanin.
Immunocytochemical analysis was carried out on paraffin sections using the alkaline-phosphataseanti-alkaline-phosphatase and/or peroxidase-antiperoxidase techniques. The sections were stained with the primary antibodies listed in Table 1 . Appropriate positive and negative controls were performed.
PATHOLOGY
The histopathologic features of all tumors were similar, and closely mimicked those of clear cell carcinoma of the kidney. The neoplastic cells were arranged in sheets and packets traversed by a delicate vasculature consisting of a rich network of sinusoid-type blood vessels without extravasated red blood cells. Focally, there was a papillary-like pattern or pseudoglandular appearance (Fig. 1,  A-B) . The tumors comprised a rather uniform population of large polygonal cells with abundant cytoplasm. The tumor cells had a round to oval nucleus, sometimes with a prominent nucleolus, and exhibited mild to moderate nuclear pleomorphism. The cytoplasm was either entirely clear or partially clear but with interspersed fluffy eosinophilic areas. Case 4 was slightly different for a more pronounced eosinophilia of the cytoplasm and presence of only scanty glycogen (Fig. 2, A-B) .
Coagulative necrosis was a prominent feature and appeared as multiple foci of variable size and tumor emboli were seen in lymphovascular spaces at the periphery of the tumor in all cases. Abundant brown pigment was evident in the cytoplasm of a fraction of neoplastic cells (about 10%), as well as in macrophages in Cases 2 and 3. This pigment was positive with Fontana-Masson stain, suggesting its melanin nature (Fig. 2C) The lymph nodes in Cases 1 and 2 showed metastatic deposits of the neoplasm (Fig. 3A) , whereas Case 4 showed a metastatic deposit in the right ovary.
The immunocytochemical profile of the tumors was similar, and is summarized in Table 1 . The cells were negative for epithelial markers (CAM 5.2, KL1, AE1, AE3, EMA), vimentin, chromogranin-A, S-100 protein (Fig. 2D) , desmin, myosin, and musclespecific actin. They showed strong granular staining for the melanogenesis-related markers HMB45 (Fig. 3B) and, in two cases, for MART-1). The Mib1 (Ki-67) was positive in a fraction of the neoplastic cells (range, 2 to 8% positive).
DISCUSSION
The tumors described in this report show unusual and contrasting features. The first impression on morphologic analysis is that of a clear cell carcinoma such as that of the kidney or female genital tract. However, the cytoplasm is not generally as water-clear as that commonly seen in renal cell carcinoma, and true glandular formation is lacking.
The focal glandular structures and papillae lined by hobnail cells as seen in clear cell carcinoma of the female genital tract are also absent. These two possibilities are effectively ruled out by the lack of immunohistochemical evidence of epithelial differentiation. A metastasis from unknown primary seems unlikely, as extensive work-up and follow up failed to reveal other primary tumors.
A malignant melanoma is another important consideration because of its ability to mimic epithelial tumors with clear cells such as in clear cell sarcoma of tendons and aponeurosis (melanoma of soft parts) and the presence of melanin pigment in two of four cases. However, the lack of immunoreactivity for S-100 protein and vimentin makes this diagnosis most unlikely (2) . In addition, the rich network of reticulum fibers among the tumor cells is rather uncommon in malignant melanoma, where reticulin fibers are usually scanty. Presence of melanin pigment is also not exclusive to melanomas.
Adrenocortical carcinoma, with clear cells, delicate vasculature and A103 (MART-1) immunoreactivity, represents a further differential diagnosis (3). However, they are usually positive, albeit focally, for cytokeratins and unreactive with HMB45. Pigmented paraganglioma can be excluded on grounds of morphology, HMB45 immunoreactivity, and lack of neuroendocrine marker expression (4, 5) .
Thus, the immunohistochemical profile of the tumors reported herein does not exhibit epithelial, endocrine or melanocytic characteristics despite morphologic resemblance to these neoplasms. They show marked histologic and phenotypic similarities with a recently identified family of tumors composed of PECs (1, 6) such as the clear cell "sugar" tumor of the lung and monotypic epithelioid angiomyolipoma of the kidney and liver. Recent reports have considerably widened the spectrum of PEC lesions reporting them in the uterus, pancreas and in the falciform ligament (7) (8) (9) (10) (11) . PEC tumors can mimic renal clear cell carcinoma (12) (13) (14) (15) (16) (17) epithelioid leiomyosarcoma (18) , hepatocellular carcinoma (19, 20) conventional leiomyosarcoma or other high grade sarcomas.
The family of PEC tumors can show multiorgan involvement, and at times a distinction between metastatic spread and multifocal disease can be difficult to make. Also, the classical benign AML can present with multiple lesions particularly in the regional lymph nodes and in the contralateral kidney. These have been considered multifocal lesions rather than metastases (21). However, rare cases of malignant AML have been reported, and in one case the metastatic nature of the multiple localizations has been demonstrated with molecular analysis (22) .
The present cases differ from these tumors in the clinical presentation, the consistent malignant behavior manifesting as metastasis, the more pronounced epithelial pseudopapillary pattern and the frequent presence of melanin pigment. This latter finding has not been reported in other related tumors such as monotypic epithelioid angiomyolipoma of the kidney (16). Pigmentation is not restricted to melanocytic tumors and has been reported in a variety of non-melanocytic tumors including a unique case of renal cell carcinoma composed of clear cells (23) . Davis et al. (24) have reported in abstract form five pigmented clear cell neoplasms of the kidney. These cases show remarkable similarities with our cases, including predominance in young women and HMB45 immunoreactivity. Nonetheless, malignant behavior was not observed in their cases. More recently, a case of malignant pigmented clear cell epithelioid tumor of the kidney has been reported by Ribalta et al. (25) showing marked similarities with our cases. In a study of 30 hepatic angiomyolipomas, Tsui et al. (20) have shown in five cases the presence of a pigment identical to that observed in our cases. Our cases also differ from monotypic epithelioid angiomyolipoma in the monomorphous cellular population; in epithelioid angiomyolipoma, careful search often reveals areas with the typical cellular composition of angiomyolipoma.
Most PEC lesions are related to the inherited syndrome of TSC (26) , and one of our cases showed the characteristic stigmata of this syndrome. Thus we believe that this novel tumor should be included among the TSC-associated neoplasms. A morphologically similar lesion, clear cell "sugar" tumor of the lung, was previously considered a lesion unrelated to TSC, but recent data support its inclusion among the TSC-associated lesions (1, 27, 28) . TSC is a tumor syndrome and can manifest with a variety of neoplasms in different organs. The occurrence of a single sporadic lesion, such as angiomyolipoma or lymphangiomyomatosis, in a patient without other signs of TSC is now considered by some authors a "forme fruste" of the disease (26, 29) . Molecular analysis has demonstrated that both TSCassociated and sporadic lesions can show the same genetic defect, namely the loss of heterozygosity on 16p13 for the TSC2 locus (30) . This genetic defect, however, may represent a somatic mutation in these tumors, and does not necessarily indicate a subclinical evidence of TSC.
In conclusion, we have reported four cases of abdominopelvic malignant tumors, not readily classifiable in the existing schema of known entities, which we believe are composed purely of uncommitted PEC, the main distinguishing features being the occurrence in abdominopelvic extrarenal sites in young women, the pure epithelioid population, clear-eosinophilic cytoplasm, frequent pigmentation, and malignant potential. Two of the tumors showed an aggressive behavior and developed multiple metastases within 20 months, and two showed morphologic features suggestive of malignancy. The presence of vascular invasion in all cases, and of lymph node or ovarian metastases in other two cases is in keeping with a malignant behavior. They represent a new TSC-associated lesion with a marked female predominance.
